This research tests the hypothesis that conventional synthetic and organic fertilisers could be used together to maintain or increase yield of cereals, whilst reducing demands on conventional, mined, synthetic P supplies. This was done using a glasshouse experiment growing barley (Hordeum vulgare), and a field trial using baby corn (Zea mays L.). Both experiments were comprised of treatments of singular additions or combinations of compost and synthetic fertiliser. Leaf dry matter yield (DMY) in ... 
INTRODUCTION
Sustainable food production is reliant on the maintenance of soil fertility commonly achieved with nutrient inputs from mineral fertilisers (Black and Batten, 2003; Tan et al., 2005) . In the case of phosphorus (P), minerals used in the production of fertilisers are finite, and production costs continue to increase (Cordell et al., 2009) . Fertiliser input costs are becoming prohibitive in developing countries where food prices are low. If farmers are to profitably meet the food demands of an increasing global population the increased use of alternative fertilisers may be required. The use of organic amendments such as compost have been previously demonstrated in a range of crops (e.g. Gallardo-Lara et al. 1987 , Zhang et al., 2000 , with residual P benefits being demonstrated (Heming, 2008) . The required application rates, however, have been shown to be between 40 and 120 t/ha (Hargreaves et al., 2008; Uyanoz et al., 2006; Zhang et al., 2000) . As a consequence, application of organic amendments to meet all nutrient requirements is not always feasible. Thus the use of a combination of synthetic and organic P fertilisers may be a more sustainable and profitable alternative to current practise.
Combined application of synthetic and organic amendments results in beneficial interactions. The high sorption of P by compost (Sckefe et al., 2008) allows the nutrient to become slowly available to the crop during the growing season. Compost addition may also increase pH (Schulz and Glaser, 2012) thereby decreasing the ability of acid producing synthetic fertilisers to release exchangeable aluminium which would otherwise bind with P and decrease its availability (Lin and Su, 2010) . Thus the compost interaction is especially beneficial when applying amendments to naturally acidic soils. Whilst combined use of synthetic fertiliser and compost has been trialled in horticultural crops, such as apples (Andrews et al. 2001) , no such investigation has been previously undertaken into the benefits for cereal crops such as barley or baby corn. The latter is a staple food for many developing countries and has a relatively high P requirement (60 to 70 kg P/ha (Miles and Zenz, 2000) ). In Vietnam, baby corn represents an alternative to rice production in areas of the Mekong Delta yet its production on the commonly P deficient, acid soils is reliant on fertiliser applications of 60 kg P/ha for each crop. Therefore, more than other crops, it is sensitive to changes in input costs. If synthetic fertiliser use could be replaced, in part, with compost application the long term sustainability and profitability may be increased. Single and combined applications of organic and synthetic amendments were compared in a glasshouse and field experiment to determine the potential for reduction in synthetic fertiliser usage in a high P demand cereal crop through partial substitution with compost.
MATERIALS AND METHODS
Two trials were undertaken, a glasshouse trial using barley (Hordeum vulgare cv. Hindmarsh) and a field trial in Vietnam, to validate results, with baby corn (Zea mays L.).
Glasshouse Trial Establishment
Soil was collected to a depth of 5cm from a site at Charles Sturt University (S 35° 3' 56.556" E 147° 19' 27.696"). The soil was characterised as a Red Chromosol (Isbell, 2002) and exhibited a sandy loam texture. Initial nutrient analysis is shown in Table 1 . Square plastic pots measuring 12.7 x 12.7cm, and 14.5cm deep, were used in this glasshouse experiment. Pots were lined with 50µm thick plastic bags and filled with 1800g of air dry soil, which equated to an oven dry mass of 1750g. Treatments were applied to 20 pots in a randomised four block design.
Treatments
Five treatments representing five ratios of compost to Mono-Ammonium Phosphate (MAP) (Table 2) were mixed into potted soil prior to seeding. Treatments were applied at a rate of 20 kg available P/ha for all ratios. Fertiliser applications of 20 kg P/ha (equivalent to 91 kg MAP/ha) are generally accepted as the required P application rate for grain production on similar acidic soils in Australia (Schefe et al., 2008) . Application of compost was based on available P content.
Fertiliser
Compost for this trial was sourced from the Charles Sturt University green waste management program with feedstocks including wood shavings used in horse stables, grape marc, and food scraps from campus kitchens, composted in windrows similar to Kuhlman & Cormac-Walshe (2000) . The chemical constituents of this compost are outlined in Table 1 . The synthetic fertiliser used in the trial was commercial MAP that contained 21.9% P, as measured by the Colwell P (1963) method.
Sampling
Above ground plant material was collected as per Jones et al. (2005) at the completion of the experiment, 8 weeks after sowing. This corresponded to the stem elongation phase, with the 2 nd node detectable (Z32 on Zadok's scale) (Reuter and Robinson, 1997 ). An 80mL subsample of soil was taken for chemical analysis and roots were then separated from remaining soil by washing with running water over a 5 mm sieve (Jones et al., 2005) . Soil samples were dried at 40 o C for 48 hours before sieving to 2mm. Collected above and below ground material was dried at 60 o C for 48 hours and ground to pass a 2mm sieve, with 0.5g of each sample weighed for chemical analysis of P content.
Chemical Analysis
Total P content of above and below ground samples was determined spectrometrically using a nitric acid digest, with a quality control standard sample included between replicates. Soil analysis was undertaken by the following methods, with a standard soil included between each replicate for quality assurance purposes. Ammonium-Nitrogen and Nitrate-Nitrogen were determined by the Mineral-N -2M KCl, automated colour, flow injection analysis (FIA) method (Rayment and Lyons, 2011) . Determination of Total Nitrogen was made by the Total soil-N, semi micro Kjeldahl -automated colour, FIA method (Rayment and Lyons, 2011) . Soil available P was determined by the Colwell (1963) method. Phosphorus buffering index was determined by the method P buffer index -PBI+CoIP -ICPAES (Rayment and Lyons, 2011) . Total Phosphorus was determined by the Kjeldahl P (KP) -automated colour, FIA/continuous segmented flow method (Rayment and Lyons, 2011) . Potassium Colwell was determined by the Bicarbonateextractable K + method (Rayment and Lyons, 2011) . Sulphur was determined by the Potassium Chloride -40 Sulfur (KCl-40)-S method (Rayment and Lyons, 2011) . Organic Carbon was determined by the Walkley and Black method (Rayment and Lyons, 2011) . Electrical Conductivity (EC) was determined from a 1:5 soil/water extract method (Rayment and Lyons, 2011) . Soil pH was determined from both a 1:5 soil/water suspension, and a 1:5 soil/0.01M calcium chloride extract (Rayment and Lyons, 2011) .
Statistical Analysis
All statistical analysis was conducted using GenStat Versions 5 and 12. A linear mixed model was fitted with percentage compost as a fixed effect and replicate as random effect in regressions for data of soil Colwell P, leaf P, and leaf dry matter yield. 
Vietnam Field Trial Establishment

Treatment Application
Organic amendments were applied on 21 st June 2010 (3 days before sowing) based on the present locally applied rates of each (Table 3 ). The organic amendments were sugarcane filter cake compost, as in Meunchang, Panichsakpatana, & Weaver (2006) , sourced from a local supplier; fish pond waste, as in Mazzarino, et al. (1997) , also sourced from a local supplier; and dried cow manure, collected from local farms, which had Trichoderma fungi incorporated before application. The nutrient content of these three organic amendments is shown in Table 4 . Synthetic fertiliser application consisted of phosphorus, applied as Superphosphate (Ca(H2PO4)2) (7% available P), nitrogen, applied as Urea ((NH)2CO) (46% N) and potassium, applied as Potassium Chloride (KCl) (60% K). All synthetic P was applied at sowing on 24 th June (Day 1). Synthetic N and K were applied as 25% doses on Day 1, 1 st July (Day 8), 11th July (Day 18) and 26 th July (Day 33).
Sampling
Harvesting began on 14 th August (Day 52) and was conducted three more times before the final harvest on 22 nd August (Day 60). The final yield of baby corn was calculated by the addition of the weights obtained from the five harvests.
Statistical Analysis
The effect of the four treatments on total biomass and baby corn yield, was assessed using analysis of variance (ANOVA), with replicate as the blocking variable, and least significant difference (LSD).
RESULTS
Glasshouse trial
Leaf dry matter yield (DMY) increased significantly with increasing substitution of synthetic fertiliser with compost ( Figure 1 ). The rate of increase was calculated to be 0.05g DMY (± 0.012g) of leaves with each additional kilogram P per hectare applied as compost, with the remainder of the 20 kg P/ha application as MAP. A significant increase in leaf P of 15.2 mg P/kg leaf (± 6.7) with each additional kilogram of P applied per hectare as compost, with the remainder applied as MAP, was also found (Figure 2) . At the conclusion of the experiment a large residual P value existed in the soil treated with compost. The 3:1 compost:MAP treatment contained 40 mg P/pot whereas the MAP only treated soil which contained 15.6 mg P/pot.
Field trial
When organic amendments were used at current local rates as partial substitutes for presently applied rates of synthetic fertiliser the yield and total plant biomass were significantly decreased, compared to application of synthetic fertiliser alone (Table 5 ). There were no significant differences in results due to the types of compost applied.
DISCUSSION
The glasshouse trial in this experiment demonstrated that with increasing application of compost it is possible to increase two plant characteristics which correspond to yield in the field; leaf DMY (Schnyder, 1993) and leaf P (Lynch et al., 1991) . This means that in theory, yield could be increased through partial substitution of mineral fertiliser with compost using equivalent rates based on available P. In pots receiving 20kg of available P/ha as compost, the recorded residual P was attributed to mineralisation of total P from the compost. It has been proposed that this occurs due to a biochemical, rather than biological, mineralisation process (McGill and Cole, 1981) . This suggests that compost use may have additional beneficial effects in the years after application. However, it was shown in the Vietnamese field trial that rates of compost application need to be higher than that which is presently applied locally in order to produce the same or greater yield than synthetic fertiliser alone. Whilst low yields may result from the immobilisation of N associated with high C:N ratios, the C:N ratios shown in Table 4 are relatively low (less than 14:1) and are similar to those reported by Campbell (2007) thus immobilisation effects would be minimal. Immature compost may also lead to similar impacts on production (Lasaridi and Stentiford, 1998), however, the sugarcane and fish pond waste composts were both mature and stable. Significantly reduced yields in the field trial are therefore attributed to insufficient available plant nutrition from the organic amendments (Table 3 ). This is reinforced by the findings of Schefe et al (2008) who found that when organic amendments were substituted based on nutritional requirements growth was improved. That is, cultural management practices associated with compost application were the principle reason for reduced yields, primarily due to insufficient available N and P (Table 3) . Although, if applied at rates that supply the required quantity of available nutrients, the quantity of compost required would be impractical. For example, it is estimated that 102 t/ha of the sugarcane compost, used in the field trial, would need to be applied to meet the P requirements of baby corn. This figure is within the range (40 to 120 t/ha) of municipal solid waste (MSW) usage rates reported by Hargreaves, et al, (2008) , Uyanoz, et al, (2006) and Zhang, et al, (2000) for a range of crops.
It has therefore been demonstrated, in principle, that when a direct substitution of synthetic fertiliser with compost, based on available P, is made, yield can be increased. However, the volumes of compost required to achieve this substitution are very high and consequently current, practicably applied quantities have a negative effect on production when substituted for synthetic fertiliser. Any possible beneficial interaction of compost with synthetic fertiliser was insufficient to overcome the lack of available nutrient contained in the compost.
An area for future research therefore includes investigating ways to reduce the volumes of compost required, by increasing the concentration of nutrients per tonne of compost. A detailed evaluation of a population's propensity to adopt compost use would also be an area for further investigation. This is important to determine because the efficient management of nutrients is only one part of the process of compost adoption. Consideration of the time and economic cost to farmers to change land management practices also needs to be taken into account. Existing stigmas and cultural factors may also play a part and need to be better understood. Tables  Table 1 
